Proper development of the thymus and differentiation of T-lymphocytes requires cell-cell interactions between the developing T-lymphocytes and the thymic epithelia. The Delta/Serrate/Lag-2 (DSL)/Notch signal-transduction pathway is known to govern cell fate decisions required for proper development through direct cell-cell interactions. The functional consequences of specific DSL/Notch interactions during the development of a complex organ, such as the thymus, have not been thoroughly elucidated, however. In order to examine the role of DSL proteins during thymus development and T-lymphocyte differentiation, we targeted expression of JAGGED1 in T-lymphocyte progenitors via the control of the proximal lck promoter. Here, we report that expression of JAGGED1 in T cells causes premature involution of the thymus by directing thymic epithelial cells to undergo an apoptotic program. Adoptive transfer of JAGGED1 transgenic bone marrow into non-transgenic mice revealed that JAGGED1 expression on T cells does not alter T-cell differentiation, but is directly responsible for involution of the thymus. We propose that the phenotype of the lck-JAGGED1 transgenic mice is a direct result of specific DSL/Notch interactions and improper cell-to-cell signaling.
Introduction
Jagged and Delta proteins are members of the Delta/ Serrate/Lag-2 (DSL) family of genes that encode cellbound ligands, which regulate Notch signaling in neighboring cells. The classic DSL/Notch signaling model proposes that the binding of DSL and Notch proteins across cell boundaries results in the proteolytic processing of Notch that ultimately leads to its activation. [1] [2] [3] [4] The DSL/Notch signal-transduction pathway is thought to govern several cell fate decisions during hematopoiesis. [5] [6] [7] [8] [9] [10] However, the precise roles of various Notch and DSL proteins in thymic development remain to be elucidated. Moreover, a major complication in defining the roles of specific DSL and Notch proteins is underscored by the clear lack of separation of DSL (ligand) and Notch (receptor) proteins in the thymic stroma and T-lymphocytes. That is, both the thymic stroma and the T-lymphocytes express various Notch receptors and DSL proteins. [11] [12] [13] [14] [15] In situ hybridization analyses of fetal and adult thymic tissue demonstrated that the expression levels of Jagged1 and Jagged2 decreased with age. However, Delta1 and Delta3 expression remained constant from the fetal to adult stage, indicating that perhaps Jagged proteins provide instructive signals throughout thymic development. 13 Although it has been demonstrated that Jagged and Delta proteins are expressed in T-lymphocytes during each stage of differentiation, the specific functions of the DSL proteins within T-lymphocytes remain unknown. 14 The presence of various Notch receptors and DSL proteins in the thymus leads to the hypothesis that spatial and temporal expression of these proteins plays a key regulatory role during hematopoiesis and thymic development.
Thymic development and T-lymphocyte differentiation are intricate processes that rely on multiple cell-tocell interactions between the thymic stromal cells and differentiating T-lymphocytes. 16, 17 Thymic development can be separated into two distinct parts. The first is the development of the three-dimensional thymic stroma that is composed of several distinct epithelial cell types. This process involves several distinct regulatory phases and is influenced by cell-to-cell contact with lymphoid cells. The second part of thymus development involves the differentiation of lymphoid progenitors into mature T-lymphocytes. Lymphoid progenitors undergo a series of selective processes within the thymus through cell-tocell contact with the thymic epithelium that ultimately establishes a circulating repertoire of mature CD8 þ and CD4 þ single-positive (SP) T-lymphocytes in the peripheral lymphoid system. 18 Although the exact interactions that lead to the development of the thymic architecture is not clear, even less is known about the mechanisms that control the eventual deterioration of the thymus, termed thymic involution. Thymic involution is the process that occurs naturally over the course of life. It is thought that thymic involution is responsible for the decline in immune response as mammals age. There have been a number of mouse models that attempt to understand the pathways and interactions that lead to thymic involution; nevertheless, this complicated process remains poorly understood. A better understanding for the causes of natural thymic involution and how to inhibit or reverse this occurrence is an area of intense therapeutic research.
Notch signaling has been implicated in governing cell fate decisions during T-lymphocyte differentiation such that overexpression of Notch1 ic and Notch3 ic in T-lymphocytes resulted in altered T-cell differentiation and predisposition to T-cell leukemia. 19, 20 However, the precise role of Notch signaling on the decision of T-lymphocytes to differentiate to either CD8 þ SP or CD4 þ SP remains unclear. [20] [21] [22] [23] [24] [25] Evidence is accumulating that indicates Notch signaling plays a key role in the decision of lymphoid progenitor cells to differentiate to either the T-or B-cell lineage. For example, deletion of Notch in T-lymphocyte progenitors results in a change of cell fate such that cells initially destined to become T-lymphocytes instead differentiate into B cells within the thymus. 26, 27 Likewise, inhibition of Notch activity through the expression of Lunatic Fringe in T-lymphocytes resulted in a similar phenotype, indicating that Fringe proteins can redirect cells to the B-cell lineage, presumably by inhibiting Notch signaling. 28 Interestingly, there are differential effects between activation of Notch with either Jagged1 or Delta1 on lymphoid differentiation. That is, Delta1 but not Jagged1 could block B-cell differentiation of hematopoietic progenitors. 29 In addition, immobilizing soluble forms of the extracellular domains of Jagged1 and Delta1, in vitro, can instruct the proliferation and expansion of the CD34 þ subset of hematopoietic stem cells, indicating that Jagged1 and Delta1 can act as hematopoietic growth factors by initiating Notch activation. 30, 31 Taken together, these data indicate that Notch signaling has several regulatory roles during the differentiation of lymphoid progenitor cells.
The function of DSL proteins in the development of a complex organ such as the thymus has not been elucidated. Herein, we report the generation of transgenic mice that express JAGGED1 in T-lymphocytes under the control of the lck promoter. lck-JAGGED1 transgenic mice exhibit a dramatic acceleration of thymic involution, which is observed as a reduced thymus size and loss of thymic compartmentalization. We demonstrate that premature involution is a direct result of aberrant JAGGED1 expression on T cells, which leads to the induction of apoptosis of the thymic epithelial cells. Furthermore, thymic involution caused by JAGGED1-expressing T cells results in a microenvironment that is incapable of supporting proper T-cell differentiation. Improper cell-cell signaling caused by the disrupted microenvironment leads to an increase in the levels of CD8À/CD4À double-negative cells (DN) that are partially blocked at the CD44 þ /CD25 stage and an increased number of T-cell receptor (TCR) þ CD8 þ SP T-lymphocytes. Our data implicate a role for JAGGED/ Notch signaling in the process of thymic involution.
Materials and methods
Generation of JAGGED1 transgenic mice pcDNA expression vector encoding human JAGGED1 cDNA was kindly provided by Artavanis-Tsakonas et al. 32 A 4 kb XhoI fragment from this plasmid containing human JAGGED1 cDNA was subcloned using XhoIBamHI linkers into the BamHI site of the transgenic expression vector plck, which consists of the mouse lck proximal promoter and the polyadenylation site from the human growth hormone. 33 An SfiI fragment containing the entire cDNA insert was purified, and the linearized DNA was microinjected into the pronuclei of fertilized ova to generate transgenic mice by the Department of Molecular Genetics Transgenic and Knockout core at the University of Cincinnati. Transgenic mice were generated in the FVB/N strain, and founders were identified by polymerase chain reaction genotyping and Southern blot analysis and maintained by backcrossing to FVB/N. Transgenic mice were also backcrossed in the C57Bl6 strain to determine if there were phenotype variances between the two mouse backgrounds at the F6 generation. Herein, we refer to non-transgenic (nt) mice as (wt) and Jagged1 transgenic mice as (JAG1 tg ) in all figures.
Analysis of protein expression
Thymi were dissected and immediately frozen in liquid nitrogen. Tissues were pulverized with a mortar and pestle under liquid nitrogen and boiled in 1 Â Laemelli sample buffer containing dithiothreitol. Lysates were separated in sodium dodecyl sulfate-polyacrylamide (8%) gels, followed by transfer to either nitrocellulose (Schleicher & Schuell, Keene, NH, USA) or polyvinylidene difluoride (Millipore, Billerica, MA, USA) membranes. Western blot analysis was performed by immunoblotting with the antibody TS1.15h specific for JAGGED1 or the antibody B-5-1-2 specific for tubulin (Zymed Laboratories, San Francisco, CA, USA). 32 Proteins were visualized using the appropriate horse radish peroxidase-conjugated secondary antibody (Jackson Laboratories, Bar Harbor, ME, USA) followed by enhanced chemiluminescence (ECL, Amersham, Buckinghamshire, UK). 
Histology

Flow cytometry analysis
All of the mice used in this study were 4-8 weeks of age. Thymic or splenic tissues were dissected to isolate single lymphocyte cell suspensions. Cells were washed twice with cold phosphate-buffered saline (PBS) and pelleted at 2000 r.p.m. in a Sorvall resistance to thyroid hormone-750 rotor at 41C. Red blood cells (RBCs) were lysed in RBC lysis buffer (150 mM NH 4 Cl, 10 mM KHCO 3 and 10 mM ethylenediaminetetraaceticacid) by incubating the cell suspension on ice for 10 min. Cells were pelleted and resuspended in PBS containing 4% fetal bovine serum (Invitrogen, Carlsbad, CA, USA). Live cells were counted as determined by exclusion of the vital dye Trypan blue (Invitrogen) using a hemocytometer. Approximately, 1 Â 10 5 live cells were aliquoted into 12 Â 75 mm tubes. Cells were incubated with 1 ml of Mouse BD Fc Block (purified anti-mouse CD16/CD32 mAb; BD Pharmingen, San Diego, CA, USA). Cells were then incubated in the dark for 30 min with 1 ml of fluorochrome-conjugated antibodies as indicated. Cells were washed twice in cold PBS and fixed in PBS containing 1% paraformaldehyde (Electron Microscopy Services, San Diego, CA, USA). Flow cytometry analysis was performed using a Facscalibur and the CellQuest program (Becton Dickinson, San Diego, CA, USA). The fluorochrome-conjugated monoclonal antibodies and appropriate isotype controls (BD Pharmingen) used for fluorescence-activated cell sorting (FACS) analysis are the following: cychrome-anti-CD8a (Ly-2), R-phycoerythrin-anti-CD4 (L3T4), fluoresceinanti-TCRb and R-phycoerythrin-anti-CD45/B220.
Separation of stromal and thymocyte populations
Mice at the indicated ages were killed and thymi were dissected. Thymi were then diced with a razor and pressed in 1 Â PBS to obtain thymocytes. The resulting suspension (stromal and thymocytes) was placed on a 80 mm filter and washed extensively with 1 Â PBS to remove all thymocytes from the stroma. For Western blot analysis, the flow through was lysed as thymocytes and the stromal cells left on the filter were lysed as stroma. To obtain single-cell suspensions for flow cytometry, the stromal cells were incubated in 1 Â trypsin at room temperature with gentle agitation for 15 min. Single stromal cells were then collected through an 80 mm filter and used for flow cytometry.
Apoptosis assay
Thymi were dissected and single T-lymphocyte cell suspensions were washed twice with cold PBS. RBCs were lysed in RBC buffer by incubating the cell suspension on ice for 10 min. The Annexin V-fluorescein isothiocyanate (FITC) Apoptosis Detection Kit I (BD Pharmingen) was used according to the manufacturer's protocol. Briefly, T-lymphocytes were resuspended in 1 Â binding buffer at a concentration of 1 Â 10 6 cells/ml. A total of 1 Â 10 5 cells were incubated for 15 min at room temperature with 5 ml of Annexin V-FITC and 5 ml propidium iodide (PI) solution. Four hundred microliters of 1 Â binding buffer was added to each tube. Flow cytometry was performed within 1 h.
Murine bone marrow transplantation
All experiments were conducted in accordance with National Institutes of Health guidelines for the care and use of animals and with an approved animal protocol from The Wistar Institute Animal Care and Use Committee. Bone marrow cells were isolated from the femurs of donor mice and subsequently transplanted into lethally irradiated 4-to 6-week-old recipients (11 Gy, 137 Cs, at a split dose of 2 Â 5.5 Gy, 4 h apart). Approximately, 5 Â 10 5 to 8 Â 10 5 cells were injected into the tail vein of irradiated mice. Recipient mice were killed at the indicated times post-transplantation for analysis. Thymi were dissected to isolate single lymphocyte cell suspensions for FACS analysis or pulverized for protein expression.
Results
JAGGED1 expression in T-lymphocytes disrupts thymic architecture
Previous reports indicate that transgenic expression of various activated alleles of Notch in T-lymphocyte progenitors results in altered T-cell differentiation and predisposition to leukemia. [19] [20] [21] However, is overexpression of a DSL protein analogous to constitutive Notch activity in T-lymphocytes? In order to examine the role of the DSL protein, JAGGED1, in thymus development and T-lymphocyte differentiation, we targeted expression of JAGGED1 in T-lymphocyte progenitors via the control of the proximal lck promoter. A full-length human JAGGED1 cDNA was cloned into an lck promoter transgene expression cassette containing a polyadenylation signal from the human growth hormone gene (Figure 1a ). 
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To determine if overexpression of JAGGED1 on T cells has detrimental effects on the development of the thymus, we examined the thymi of embryonic day 15.5 and postnatal day 1 JAGGED1 transgenic mice (JAG1 tg ), as well as nt littermates (Figure 1c) . Examination of the thymi revealed that development had occurred normally, as the thymi of JAG1 tg mice were comparable in size and cellularity to the thymi of nt mice. In contrast, gross examination of 8-week-old JAG1 tg mice revealed that the thymic architecture was severely disrupted, resulting in a thymus that was much smaller than that of nt control animals (Figure 2a and b) . Moreover, thymi from both founder lines of JAG1 tg mice were approximately half the weight of the thymi dissected from nt littermate control animals, whereas the kidney weights of all animals were similar (Supplementary Table I ). Histological inspection of the thymi from JAG1 tg mice revealed that only a small portion of this dissected tissue actually resembled a thymus (Figure 2c ; upper panel). The surrounding tissue appeared to be mainly composed of lightly stained adipose tissue, indicating that the defect in thymus size is more severe than 50% as determined by the weight measurements. Furthermore, there was a clear lack of compartmentalization of the thymus into a cortex and medulla, as well as a loss of cellularity of thymi dissected from JAG1 tg mice compared to nt littermates (Figure 2c ; lower panel). These data indicate that JAGGED1 expression in T-lymphocytes results in disruption of the thymic architecture.
Premature thymic involution occurs shortly after birth in JAG1 tg mice As we observed a clear disruption of the thymic architecture in 8-week-old mice and no discernible difference during development, we rationalized that the defect is manifested sometime within the first 2 months after birth. Therefore, we sought to determine the exact point at which the defect occurs by examining mice at defined time points following birth. At postnatal day 7, the thymi JAG1 tg mice were indistinguishable from those of nt littermates by both gross examination and histological analysis. At postnatal day 14, the thymi of JAG1 tg mice and nt littermates were similar by gross examination; however, H&E-stained sections show a nearly indiscernible medulla in the thymus of JAG1 tg mice at 14 days of age when compared to age-matched nt littermates (Figure 3a and b) . At 3 weeks of age, the thymus of JAG1 tg mice displayed a marked reduction in the size of the thymus with no discernable medulla and cortex compartmentalization. Furthermore, the number of total thymocytes is dramatically reduced in the thymus of a 3-week-old JAG1
tg mouse compared to a nt littermate (Figure 3c ). To further characterize the JAG1 tg mice, we analyzed the state of differentiation of the T-lymphocytes. The Notch signal-transduction pathway has been implicated in governing both the B-vs T-lymphocyte lineage and the CD4 vs CD8 T-lymphocyte fate decisions. 34, 35 Therefore, we performed FACS analysis for the expression of CD4 and CD8 in order to determine the differentiation status of the T-lymphocytes in the JAG1 tg mice. The cell surface receptor profile of T cells in the JAG1 tg mice changes dramatically during the first 3 weeks of life. At postnatal day 7, JAG1 tg mice displayed a large increase in TCR-positive thymocytes that express both CD4 and CD8 cell surface receptors compared to age-matched nt littermates (Figure 3d ). The increase in CD4 þ /CD8 þ double-positive (DP) T cells appears to be at the expense of CD4 þ SP T cells, because the levels of CD8 þ SP cells were comparable to 7-dayold nt mice, but the CD4 þ SP levels were lower in JAG1 tg mice. By 21 days of age, the thymus had completely undergone the involution process. The JAG1 tg mice now had an increase in the TCR þ /CD8 þ SP population, instead of the TCR þ /CD4 þ /CD8 þ DP increase observed at postnatal day 7. FACS analysis was also performed to analyze the level of B cells in the 
thymic lymphocyte population of JAG1 tg mice. Using a fluorochrome-conjugated antibody for CD45/B220, which is found on the surface of mature B cells, we detected no increase in the total number of B cells in the thymi of JAG1 tg mice compared to nt littermate control animals (data not shown). Therefore, these data indicate JAGGED1 expression on T cells leading to thymic involution and subsequent failure of proper instruction of T-cell differentiation.
To demonstrate that the lack of phenotype observed in the 7-day-old mice is not owing to a lack of transgene expression, we separated T cells from stromal cells and performed Western blot analysis for the JAGGED1 transgene. Expression of JAGGED1 is evident only in the T cells and not the stroma at both 7-and 21-day old mice (Figure 3e) . Therefore, the increase in CD4 þ / CD8 þ DP T cells might be an intrinsic effect of JAGGED1 expression on T cells and the altered phenotype observed in the T cells at later time points may be owing to the disrupted microenvironment caused by premature thymic involution.
JAGGED1 expression on T cells leads to apoptosis of thymic epithelial cells
The consequence of expressing JAGGED1 on T cells appears to be involution of the thymus; however, the mechanism for this involution remains unclear. As the thymus is reduced in size and weight, we reasoned that the cells in the thymus might be dying by an apoptotic mechanism. T cells and stromal cells were separated and single-cell suspensions of each were made. The separated populations were then analyzed for differences in gene expression or were analyzed for the percentage of cells undergoing apoptosis. There was a dramatic increase in the activation of Notch signaling in the thymic stroma of JAG1 tg mice, as there was high expression levels of Notch target genes, Hes-1 and Hey-2 ( Figure 4b ). However, there was almost no activation of Notch signaling in the T cells, as judged by Hes-1 or Hey-2 transcription (Figure 4a ). Single-cell suspensions prepared from these mice were incubated with that apoptotic marker annexinV and PI, and analyzed by FACS. There was no observable difference in the percent of apoptotic T cells in JAG1 tg mice when compared with littermate controls at any time point; however, there was a striking increase in the percent of stromal cells that stained positive with annexinV in the JAG1 tg mice at both 14 and 21 days of age. Interestingly, the percent of cells undergoing apoptosis in the stroma of 7-day-old JAG1 tg mice was nearly identical to that of 7-day-old nt littermates, indicating that the apoptotic response, which leads to thymic involution, is not occurring until between 7 and 21 days following birth. These data demonstrate that expression of JAGGED1 on T cells causes activation of Notch signaling in the thymic epithelia cells, which induces apoptosis.
Thymic phenotype of JAG1 tg mice cannot be rescued by adoptive transfer of nt bone marrow cells In order to determine if the thymus defect of JAG1 tg mice could be rescued by nt T-cell progenitor cells, lethally irradiated 4-week-old nt mice or JAG1 tg mice were transduced with bone marrow cells derived from FVB/N mice (nt). Four weeks post-transfer with nt bone marrow, the dissected thymi of the JAG1 tg mice remained smaller in size (Figure 5a ). Furthermore, thymi from nt mice reconstituted with nt bone marrow had normal thymi, indicating that the irradiation and transfer process was not responsible for the thymic defect in this experiment. These data indicate that the nt T-lymphocytes could not rescue the thymic epithelium of JAG1 tg mice at 4 weeks post-transplantation.
In addition to the disruption of the thymic architecture in JAG1 tg mice, we also described defects in T-lymphocyte differentiation. One possible explanation for these defects in differentiation is that there is a lack of proper cell-to-cell interactions between the T-lymphocytes and the involuted thymic epithelium. As the thymus of the reconstituted JAG1 tg mice remained disrupted following reconstitution with nt bone marrow, we analyzed the differentiation status of the nt bone marrow-derived lymphocytes within the environment of the JAG1 tg thymus. There was an obvious increase in TCR þ / CD8 þ SP T-lymphocytes in the JAG1 tg mouse that were reconstituted with nt bone marrow as compared to the reconstituted nt control animal (Figure 5b) . These data are similar to that observed in the T-lymphocytes from primary JAG1 tg (Figures 3a and 5b) . Taken together, these data indicate that the disrupted thymic epithelium of the JAGGED1 transgenic mice is what fails to instruct proper T-lymphocyte differentiation. Therefore, establishing that 
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the defect in T-cell differentiation is a direct result of thymic involution.
JAGGED1 tg T cells develop normally and cause thymic involution in nt mice
In order to determine if JAGGED1-expressing T cells can directly disrupt the architecture of a normal, fully developed thymus, we performed bone marrow transduction experiments. Four-week-old syngeneic nt animals were lethally irradiated and reconstituted with bone marrow derived from either JAG1 tg mice or nt littermate control animals. These mice were killed either 4 or 12 weeks post-transplantation and thymi were analyzed. At 4 weeks post-transfer, we did not observe a reduction in the size of the thymi in either nt or JAG1 tg bone marrow recipients (Figure 6a ). Western blot analysis of JAG1 tg bone marrow recipients displayed high levels of JAGGED1 expression in the thymi (Figure 6b ). To determine if JAG1 tg -derived bone marrow progenitors can properly develop in the context of a structured thymus, we performed FACS analysis for CD4 and CD8. We observed normal T-cell development in mice reconstituted with either nt bone marrow or JAG1 tg bone marrow. These data indicate that JAGGED1-expressing T-cell progenitors are capable of undergoing normal maturation in the context of an intact thymic microenvironment and all lymphoid cell defects observed in the JAGGED1 transgenic mice are owing to improper cell-cell communication within the thymic epithelia.
Twelve weeks following the transfer JAG1 tg bone marrow into lethally irradiated nt mice, we observed a similar phenotype as seen in the JAG1 tg mice (Figure 7a ). In fact, thymi from JAG1 tg -reconstituted mice were smaller by size and weight, such that the ratio of thymus to spleen was nearly two-fold less than the same ratio from nt-reconstituted mice (Figure 7b and c) . Histological analysis from the thymi of these mice displayed a similar disruption of the cortex and medulla compartmentalization as was seen in the 21-day-old JAG1 tg mice. These findings indicate that forced expression of JAGGED1 on T cells is sufficient to impose thymic involution, even in a thymus that has developed in the absence of JAGGED1-expressing T cells. 
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Discussion
Disruption of lymphocyte-stromal interactions in JAG1 tg mice There is substantial evidence indicating that reciprocal interactions between developing T-lymphocytes and the thymic epithelia are essential for proper development of the thymic microenvironment and T-lymphocyte differentiation. 16, 17 The DSL/Notch signal-transduction pathway is activated upon cell-cell contact and is thought to govern cell fate decisions during hematopoiesis. Here, we demonstrate that expression of JAGGED1 in Tlymphocyte progenitors results in improper T cell to thymic epithelial communication, which leads to involution of the thymus. Some characteristics of thymic involution include reduced numbers of T-lymphocytes and histological abnormalities, resulting in the overall alteration of the thymic architecture. 36 Consistent with this notion, JAG1 tg mice not only displayed altered size and architecture of the thymus but also exhibited defects in T-lymphocyte differentiation as a direct result of the disrupted microenvironment presented to the developing T cells (Figure 3 ). There was a decrease in the total number of thymocytes in the disrupted thymi of JAG1 tg mice, although there was no decrease in the total number of B cells. In addition, we detected an increase in the number of CD8 þ SP T-lymphocytes in the JAG1 tg mice. Reconstitution of 4-week-old lethally irradiated JAG1 tg mice with nt bone marrow cells could not rescue the thymic structure. This finding was not unexpected as we demonstrated that the cells of the thymic epithelia undergo an apoptotic death between the first and third week following birth. Whether JAGGED1 expression on T-lymphocytes effects differentiation in a cell-autonomous manner is not clear; however, we have demonstrated that JAG1 tg bone marrow cells are fully capable of developing into normal T-lymphocytes in the context of a normal thymus. Therefore, we propose that JAG1 tg T-lymphocytes disrupt the thymic epithelia in a cell non-autonomous manner resulting in a 'pingpong' effect such that the stroma cannot provide a supportive microenvironment for T-lymphocyte differentiation. 
Notch signaling and the thymic microenvironment
Here, we report that constitutive expression of JAGGED1 in T-lymphocytes results in dramatic defects in thymus, which in turn leads to perturbed T-cell development. We propose that forced expression of JAGGED1 on Tlymphocytes results in the lack of instructive signals from the thymic epithelia, which results in improper Notch/Jagged signaling within the T-lymphocytes, as well as the thymic stromal cells. That is, the thymic microenvironment in JAG1 tg mice is incapable of supporting the cell-cell interactions between the thymic epithelia and the lymphoid progenitors for proper thymic and T-lymphocyte development. There is substantial evidence that aberrrant Notch signaling is associated with defects in T-lymphocyte and thymic development. Radtke et al. 26 reported that 94% of the thymic lymphocytes population in mice deficient for Notch1 (Notch1À/À) express the B-cell marker CD45/ B220, compared to 10% in the control animals, indicating that an increase in the number of B cells is associated with loss of Notch signaling. Influence of the T-to B-cell lineage decision has also been associated with overexpression of negative regulators of Notch such as Deltex and Lunatic Fringe in T-cell progenitors, resulting in an increase in the B-cell population. 28, 37 Our data demonstrate that there is no increase in the total number of CD45/B220-positive cells, compared to nt mice, indicating that overexpression of Jagged1 does not mimic a loss of Notch activity within JAG1 tg T-lymphocytes. In addition, there is an increase in the CD8 þ SP Tlymphocytes in the thymi of JAG1 tg mice. Previous data have indicated that constitutive Notch signaling is associated with an increase in the CD8 þ SP Tlymphocyte cell population. Although there is this CD8 similarity in transgenic mice expressing JAGGED1 or N ic in T-lymphocytes, there are no other shared phenotypes between the two transgenic lines, indicating that overexpression of JAGGED1 does not equate to constitutively activate Notch proteins. The combination of these data lead us to a model, by which JAGGED1 expression on T cells leads to the activation of Notch signaling in thymic epithelial cells. Notch signaling in these cells results in the activation of an apoptotic response, which leads to thymic involution. Once the microenvironment of the thymus is altered, it fails to properly instruct nascent Tcell progenitors to adopt the correct differentiated state.
JAG1
tg mice are not predisposed to leukemia Previous studies have demonstrated that expression of various activated alleles of Notch driven from the lck proximal promoter results in the onset of T-cell leukemias. 19, 38 In addition, overexpression of Delta4 (DLL4) in irradiated mice transduced with DLL4-retroviral infected bone marrow cells resulted in T-lymphocyte leukemia, 39, 40 suggest that Dll4 alters the proliferative property of developing T-lymphocytes by constitutive activation of Notch1 and that cell-cell contact may be required for the onset of lymphomas. We have previously reported that ectopic expression of JAGGED1 drives cellular transformation of RKE cells. 41 Although we reasoned that the transforming activity of JAGGED1 might predispose mice for T-lymphocyte leukemia using such a system, the two independent JAGGED1 transgenic lines did not display any predisposition to leukemia (data not shown). One explanation for the lack of a leukemogenic phenotype in JAG1 tg mice may simply be owing to the timing of transgene expression. That is, the lck promoter drives JAGGED1 expression only when lymphoid progenitor cells have migrated to the thymus. 42 Perhaps, constitutive expression of JAGGED1 in bone marrow cells could predispose mice for leukemia similar to the DLL4 bone marrow reconstitution assays. Nevertheless, overexpression of JAGGED1 in T-lymphocytes does not mimic the phenotypes observed in mice that constitutively express active Notch. Furthermore, it remains to be determined if the potential PDZ component in JAGGED1 signaling attributes to the disruption of thymic development and Tlymphocyte differentiation in JAG1 tg mice. S Artavanis-Tsakonas for kindly providing reagents used in this study. We thank the members of the Wistar Institute histology and flow cytometry cores.
